ABSTRACT The texture of cooked chicken breast is usually determined on intact pieces or strips that are representative of the muscle. Researchers emphasize the importance of uniformity of sample size and orientation of fibers to the shearing blades to ensure consistent data from instruments such as shear devices. For sensory evaluations, sample pieces of chicken breasts presented to panelists are often sized as single 2-cm 2 or several 1-cm 2 pieces. In this study, two sensory and two mechanical procedures were evaluated for efficacy in discerning texture differences in 1-cm 2 pieces of cooked chicken. Three postmortem deboning times (2, 6, and 24 h) provided a texture quality spectrum. Sensory characteristics were evaluated by descriptive analysis-trained panel (DA-TP) and by category scales-untrained panel
INTRODUCTION
Texture is one of the most important attributes noted by the consumer in assessing acceptability of cooked meat. An early review of methods for meat texture measurement (Szczesniak and Torgeson, 1965) succinctly reported the same problems that still face researchers today: How should tenderness be measured? How should tenderness be defined?
For meat samples, instrumental determination of texture, or tenderness, is usually evaluated on intact pieces or cores large enough to ensure representative sampling of the muscle fibers (size and orientation) so that treatment effects can be accurately measured. Bratzler (1949) noted that sample size, location within the muscle, orientation of the fiber to the shearing blade, and presence or absence of connective tissue were all Received for publication September 14, 1995. Accepted for publication February 6, 1996. Mention of trade names is necessary to report factually on available data; however, the USDA neither guarantees nor warrants the standard of the product, and the use of the name by USDA implies no approval of the product to the exclusion of others that may also be suitable. (CS-UP). Twenty-gram breast portions of 1-cm 2 pieces were evaluated using a multi-blade Allo-Kramer (AK) shear blade. Warner-Bratzler (WB) shear values of intact 1.9-cm-wide strips were also recorded. Discriminant analysis classification based on CS-UP gave higher error rates (probabilities of misclassification) than classification based on DA-TP. The CS-UP error rates were 0.36 (tender) and 0.65 (juiciness). The error rate of classification by DA-TP was 0.21. Error rates for classification by mechanical devices were 0.30 for WB and 0.21 for AK. Sample size is a consideration in texture evaluation protocols. Smaller sample pieces appear to mask differences in initial chew characteristics and in juiciness that are due to deboning time.
1996 Poultry Science 75:812-819 critical to ensure reliable results with the WarnerBratzler shear device (WB). A second device used to evaluate food texture in vegetables by an instrumental method was introduced by Kramer et al. (1951) . The Allo-Kramer shear device (AK) has been adapted to meat texture, and is routinely used by many researchers and quality control personnel. The same considerations of size, location, and fiber orientation have been noted for the AK as with the WB. The importance of standardizing sample dimensions for the instrumental assessment of bovine Sternomandibularis muscles was reported by Davey and Gilbert (1969) . These authors anticipated that clearer indications of the effects of animal characteristics and carcass processing on tenderness within a single muscle would be possible if the dimensions were carefully controlled. Skinner and Rao (1986) reported on the effects of sample weight (5 vs 10 g) and orientation (force applied across or with fibers) in the AK shear cell on resulting instrumental measurements of texture of Canadian bacon. They concluded that breaking the fibers (across the fiber orientation) took more force and energy than simply separating the fibers from one another. They also found a significant difference in peak force and shear energy when the sample weight was doubled. This data reinforced the conclusion that when evaluating samples (Key words: texture, sensory, shear, Warner-Bratzler, Allo-Kramer) 813 weighing 10 g or less, both weight and orientation may be critical for interpreting both peak force and energy values. Burrill et al. (1962) evaluated beef tenderness using WB, AK, and a six-member taste panel. The panel evaluated texture, tenderness, juiciness and flavor, and recorded chew counts. The authors concluded that reasonably good agreement could be expected between measurements of tenderness by panel scores and by maximum shear force of either the WB or AK. They concluded that the least satisfactory method for estimating tenderness was the untrained panel chew count, which ranged from 14 to 65. Lee (1983) introduced a significant modification to the AK procedure. Instead of using an intact strip, the meat sample was ground through a food chopper with openings of 1.5 x 0.7 cm. Twenty grams of the diced sample was placed in the shear cell, resulting in a random orientation of the sample to the blades. The shear value was expressed as kilograms per 20-g sample weight. Tenderness of rib steaks was evaluated with traditional cores and with the diced pieces from the coarse grinding. Six taste panelists also evaluated the meat using nine-point scales, referred to by the authors as hedonic scales. However, the scales were anchored with the qualitative terms, extremely tough to extremely tender, so they were categorical scales rather than hedonic (like/dislike) affective scales. Correlation coefficients (r = -0.88) between sensory score and the modified AK procedure were significant (P < 0.05). The correlation coefficient (r = 0.90) between the modified procedure and the standard WB shear was also significant (P < 0.05). For future research, Lee (1983) recommended that the size of the extrusion opening be approximately lxl cm 2 .
The 20-g diced sample has been used by several other researchers. Clatfelter and Webb (1987) , in a patented procedure to support the Minimum Time Process System to achieve tenderness in cooked broiler meat without aging the carcass, quoted AK shear values for tenderness based on 20-g diced samples. They recommended a shear value of less than 109 kg/20 g as an indicator of tenderness in the cooked meat. Smith and Fletcher (1990) compared diced to intact broiler breast meat samples, and reported significantly lower AK shear values for the diced samples at each of four postmortem (PM) deboning times. The greatest differences in shear values were observed at the earlier deboning times (0.5, 1, 4 h). The authors suggested that dicing may be a less sensitive method of sample presentation when measuring shear force of tough meat. This lack of sensitivity with diced samples was also noted by Lyon and Lyon (1993) . In that study, two cooking methods and PM deboning times for broiler breast meat were compared using the dicing procedure and results were 4 Dazey Corp., Industrial Airport, KS 66031.
reported as kilograms of force to shear per 20 g of meat. Samples deboned at 2 or 24 h PM required less than 109 kg shear/20 g meat, which was suggested by Clatfelter and Webb (1987) as the breakpoint for tenderness. However, in the same study by Lyon and Lyon (1993) , WB shear values from intact strips for the two deboning times ranged from "moderately to slightly tough" for the 2-h samples to "very tender" for the 24-h samples. These descriptions of tenderness were based on the relationship of WB shear values to a sensory panel's perception of tenderness reported by Lyon and Lyon (1991) .
Diced pieces were used in a study conducted by Lyon et al. (1994) to determine the texture profile of broiler breast meat from carcasses chilled for various times prior to water cooking, deboning, dicing, and then retorting (canned boned chicken). Shorter chill times and subsequent cooking were observed to be advantageous for products that undergo further heat treatments, such as retorting. The conclusion was based on differences in textural fibrousness and cohesiveness of the mass during mastication. The purpose of the present research was to determine the texture characteristics of broiler breast meat using two sensory techniques (descriptive profiling by a trained panel and category scaling by an untrained panel) as they related to two shearing procedures (WB with a traditional intact sample and AK with a 20-g diced sample).
MATERIALS AND METHODS

Source of Carcasses
Commercially grown, mixed-sex birds, at approximately 42 d of age were used in the study. In each of three replications, 66 whole carcasses were obtained at the chiller exit, placed into coolers with ice, and transported to the laboratory for treatment imposition and evaluation.
Treatment: Deboning Times
In the Russell Research Center pilot plant, the 66 carcasses were subdivided into three groups of 22 birds according to time of Pectomlis major removal at 2,6, or 24 h. These PM deboning times were used to establish the wide spectrum of texture. Pectoralis majors for the 2-h PM group were removed from carcasses immediately upon arrival at the laboratory. Carcasses aged for 6 and 24 h were maintained on ice in a 2 C cooler until the appropriate time for deboning. All breast muscles were removed using the technique of Hamm (1981) . Pectoralis major muscles, left and right sides, for each carcass were separated at the time of deboning and labeled accordingly. Individual P. majors were placed in labeled polyethylene heat and seal bags, 4 sealed, and held at -30 C until evaluated. Right breast muscles were designated for descriptive texture profiling by trained panel (DA-TP), and left breast samples were designated for category scaling by untrained panel (CS- UP). These procedures were repeated at each of the three replications. The entire study involved 198 birds (3 PM treatments by 22 birds in each treatment by 3 replications).
Cooking and sensory and instrumental evaluations were conducted within 4 wk.
Cooking and Presentation of Breast Samples
For each replication, the frozen bagged individual samples from a PM group were cooked in 85 C water for approximately 25 min. Generally, there were six individual sample bags per vessel with 3 L of water. Maximum internal temperature of the samples ranged from 80 to 82 C, based on random sampling of muscles within the bags using a hand-held digital thermometer 5 with probe. After cooking, the bags were cooled in tap water for 15 min.
The sectioning of the intact breast sample for sensory and instrumental evaluation is illustrated in Figure 1 . Sections A and E represent the anterior and posterior ends of the P. major, and were not used in the study. A 1.9-cm wide strip (Section B) was removed from the breast by cutting around an overlaid template and used for WB shear. Orientation and alignment for this strip have been reported by Lyon and Lyon (1991) . After WB shear was measured, the two portions, Bl and B2, were knifetrimmed to 1-cm 2 sized pieces. Twenty grams of 1-cm 2 dices per breast from Sections CI, C2, and D3 were presented to panelists for sensory evaluation.
Sensory Analysis
Separate sensory tests were conducted with two panels; the DA-TP, comprised of 11 members and a CS-UP composed of 22 people. The DA-TP had received extensive instruction (4 mo) in flavor and texture descriptive profiling and had participated in a number of other studies on muscle food texture conducted over the last 2 yr. Initial orientation sessions for this study were held to develop the stages of evaluation and the specific attributes to be evaluated in each stage. Some practice sessions were held to monitor panel performance with regard to repeatability, consistency, and discriminating ability. Attributes, definitions, and anchor scales used in this study have been reported previously (Lyon and Lyon, 1993) . The DA-TP evaluated samples in the mornings with back to back repeated sessions so that each panelist evaluated samples from two breast muscles from the test treatments of each replication (11 panelists by 2 breast samples = 22 muscles for each treatment at each replication). Employees of the laboratory, ranging in age from 28 to 54, participated in the CS-UP. Panelists met twice to become familiar with the category scales, the computer score sheet, and the data input system. Test sessions were held in the afternoons of the same day that the trained panel sessions were held. The CS-UP panelists evaluated samples for juiciness and tenderness using category scales (1 = very dry, tough; to 6 = very juicy, tender) and for overall texture acceptability (1 = poor to 5 = excellent).
Evaluations for both panels were conducted in the sensory laboratory at individual panel workstations equipped with computers, sample masking lights, 6 and charcoal-filtered air. Filtered water and unsalted crackers were provided for mouthcleansing between samples. At each test session, the samples from the three PM treatments were presented to the panelists one at a time in coded, capped cups. A presentation for random order among panelists was generated according to an experimental design module of the sensory software. 
Statistical Analysis
Data were analyzed using the procedures of SAS Institute (1988), including General Linear Models procedure (GLM), Variable Cluster Analysis, and Discriminant Analysis. The sensory and corresponding instrumental data were separately grouped (DA-TP, right breasts; CS-UP, left breasts) for various analyses. Shear values of right and left sides were evaluated by instrument test (WB and AK) for effects of PM time and replication. Sensory attributes, by sensory test (CS-UP and DA-TP), were analyzed by GLM for PM treatment and replication effects. The PM time by replication interaction was tested and found to be nonsignificant. Category scale sensory data were subjected to analysis of the distribution of responses as well as to analysis for classification by discriminant analysis for each attribute separately and for all three categories combined. Sensory data of the trained descriptive analysis panel were analyzed by GLM for treatment effects and by Variable Cluster Analysis, principal component analysis option. Resulting cluster scores were also subjected to discriminant analysis for classification by PM time. Simple linear correlations of instrumental shear values (WB and AK) by individual sensory attributes were also calculated.
Instrumental Evaluation
The intact strip samples for WB evaluation were held on a flat tray, identified by treatment, covered in foil, and evaluated within 3 h of cooking. The 20 g diced samples for AK were held in labeled plastic cups with snap-on lids and evaluated within 3 h after cooking. Samples were evaluated at room temperature. A table-top WB apparatus 8 was used, and the peak load was recorded as kilograms. For the AK, the multiple blades and cell were attached to an Instron. 9 Samples were analyzed using a cross head speed of 200 mm/min, a chart speed of 50 mm/ min, and a full scale load of 100 kg. 
RESULTS AND DISCUSSION
The shear values of both the intact (WB) and diced samples (AK) indicated significant differences due to deboning times (Table 1 ). The data are separated into groups according to the breast muscle used (left or right), and illustrates the small, nonsignificant difference due to side. Both shearing procedures were sensitive enough to discriminate differences between each of the three deboning times. Reduction in shear values as PM deboning time increases is well documented in the literature (Dodge and Stadelman, 1959; Klose et al, 1971; Dawson et al, 1987; and Lyon et al, 1992) . Using the WBsensory tenderness relationship established by Lyon and Lyon (1991) for intact samples, the progression from "moderately tough" (10.12 kg, right side, 2 h PM) to "very tender" (3.22 and 3.13 kg, left and right sides, 24 h PM) is evident. Using the Clatfelter and Webb (1987) shear value of 109 kg/20 g of diced sample as an indicator of tenderness, and multiplying the AK values in Table 1 by a factor of 20 (weight of the dices), the muscles deboned 2 h PM are slightly below or at the point of tenderness (103 and 109 kg/20 g for left and right sides, respectively). Discriminant analysis (Table 2 ) of the data indicated that by using the WB values, the classification error rate of samples by their PM deboning time was 30.8%. This result means that 30.8% of the samples from their actual deboning time groups were misclassified into the deboning time groups generated from the discriminant function. The error rate for the AK method was 21%. For WB, 30% of the 2-h samples were misclassified into either 6-or 24-h groups, and over 50% of the 6-h samples were misclassified. Analysis by AK indicated that 15% of the 2-h samples and over 40% of the 6-h samples were misclassified. The misclassification rate by instrumental measurements is one example of the variation that occurs in breast meat that is removed from the carcass prior to the completion of rigor. The misclassification rate for the 24-h group was small for both instrumental methods, 9.2 and 4.6% for the WB and AK, respectively.
The CS-UP evaluated samples on category scales using general terms to describe degree of tenderness and juiciness. There were no differences in juiciness scores of the samples due to deboning time, and juiciness was not significantly correlated with either instrumental device (Table 3) . Tenderness and overall texture acceptability scores were higher with increasing time between chilling and deboning. Correlations of these categories with the respective instrumental devices were statistically significant (P < 0.05).
The frequency responses for choice of "tender" to "tough" to describe samples were plotted in Figure 2 . In agreement with previous research (Lyon and Lyon, 1991) , there was greater variation in panel evaluations in the tender-tough characteristics of the 2-h samples. Responses to samples deboned at 2 h PM showed a spread over the range of the scale from very tender to very tough. Over 50% of the 2-h PM samples were rated moderately to very tough. Responses for the 6-h samples were evenly distributed from moderately tough to moderately tender.
Discriminant analysis of the CS-UP data (Table 4 ) indicated that the error rate was an overall 37.8% when based on the "tenderness" category alone. The majority (72.7%) of those errors were from the 6-h samples being classified as either 2-or 24-h samples. All samples in the study were classified as 6-or 24-h samples for juiciness. There was an overall 53% misclassification rate for the "overall texture" category, with all of the 6-h samples being classified as either 2-h samples (45.4%) or 24-h samples (54.5%). When all three category scales (tenderness, juiciness, and overall acceptability) were included in the model, the error rate was 36.3%, attributed primarily to misclassifications of 6-h samples into 2-or 24-h categories. Initial juiciness Moisture release Bolus wetness 2-h 5.8 ± 2.2* 7.4 ± 2.3* 6.5 ± 1.6* 4.3 ± 2.2= 6.5 ± 2.0* 7.1 ± 2.1" 7.1 ± 1.9" 5.3 ± 1.9» 6.4 ± 2.4" 6.5 ± 2.1* 5.7 ± 1.9" 5.6 ± 2.0" 4.6 ± 2.2 5.4 ± 1.5 3.8 ± 1.4 3.5 ± 1.8" 5.2 ± 2.0" 5.5 ± 2.0* 5.5 ± 2.2
Sensory mean values 1 by deboning time 6-h 5.0 ± 1.7b 6.0 ± 2.1b 5.5 ± 1.7b 5.8 ± 1.8b 5.2 ± 1.6b 5.3 ± 2.2b 5.3 ± 1.9b 4.3 ± 1.7b 4.3 ± 2.5b 4.6 ± 1.7b 4.6 ± 1.8b 4.2 ± 1.7b
5.2 ± 2.1 5.4 ± 1.5 4.0 ± 1.7 3.5 ± 1.7"
5.3 ± 1.9" 4.6 ± 1.6b 5.2 ± 1.8 24-h 3.5 ± 1.2' 4.2 ± 1.8' 4.0 ± 1.4c 8.0 ± 2.5" 4.0 ± 1.3' 3.5 ± 1.2' 3.7 ± 1.2' 3.9 ± 1.4' 2.6 ± 1.9' 3.0 ± 1.2' 3.5 ± 1.4' 3.3 ± 1.8' 4.9 ± 2.4 5.1 ± 1.5 3.8 ± 1.8 2.8 ± 1.6b
4. "-'Sensory values (5c ± SE) within a row with no common superscript differ significantly (P < 0.05). 'All attributes were rated using a 15-point rating scale, the higher the number, the higher the intensity of the attribute. See Lyon and Lyon (1993) for definitions and references.
2 WB = Wamer-Bratzler device; AK = Allo-Kramer device. !DA-TP = Descriptive Analysis-Trained Panel. Attributes in the PM discriminant analysis were those showing significant differences (P < 0.05) due to PM deboning time (see Table 5 ).
2
Error rate refers to percentage of samples from a PM group incorrectly classified into its appropriate group.
Variable Cluster Analysis was based on principal component option. Attributes of the trained panel (DA-TP) were clustered by the analysis into three groups (Table 5 ). Individual mean scores of attributes of the deboned samples indicated that the 2-h samples gave higher scores on mechanical characteristics (more springy, cohesive, hard, chewy, more fibrous, higher rate of breakdown in Cluster 1). Cluster 2 attributes described the mouthfeel characteristics. Only toothpack was significantly different (24 h > 2 h or 6 h). Cluster 3 included moisture characteristics, but only moisture release showed a difference due to deboning times. The 2-h samples had higher moisture release than 6-or 24-h samples. This observation agrees with results reported by Lyon and Lyon (1993) , who found that moisture from intact samples deboned earlier than 24 h is generally characterized as free, less bound, and easily expressed. Its release quickly dissipates during mastication. Individual attributes in Cluster 1 were highly correlated (> 0.89) with their respective shear values, either WB or AK. Mouthfeel characteristics were not highly correlated.
Discriminant analysis of the DA-TP data using attributes that showed significant differences among samples by deboning times indicated an overall error rate of 21.2% (Table 6 ). This lower error rate by DA-TP, compared to the CS-UP, could be attributed to the 74% classification of actual 6-h samples into the appropriate 6-h group. The smallest rate of misclassification was for the 24-h deboned samples.
These data indicate some of the problems associated with using single measurements to evaluate texture of muscle foods. Discriminant analysis based the model on a linear function. If single instrumental measurements are used to predict or screen sample treatments, then the variation attributed to the inherent characteristics as well as to the imposed characteristics of the samples must be taken into account. Texture is multifaceted. Various postmortem deboning times exemplify different states of the muscle characteristics that demonstrate the different facets of texture that can be perceived by sensory tests. Knowledge of the relationships among the analytical sensory experience, consumer perception, and the physicochemical manifestations of meat texture is needed as attempts to select, devise, and invent instrumental or mechanical tests for quality assessment continue.
